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(54) Process for the preparation of Epoxides 

(57) A continuous process is described for the prep- 
aration of olefin oxides by direct epoxidation of an olefin 
with hydrogen peroxide, or compounds capable of pro- 
ducing hydrogen peroxide under the reaction condi- 
tions, in a solvent medium, in the presence of a catalytic 
system consisting of a zeolite containing titanium and a 
buffer system with a pH controlled within the values of 
5.5 to 8.0, consisting of a nitrogenated base and a salt 
thereof with an organic or inorganic acid. 

The process allows high conversions and selectivi- 
ties of the olefin into the corresponding oxide with a cat- 
alytic activity stable over a period of time. 
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Description 

[0001] The present invention relates to a continuous process for the preparation of epoxides. 
[0002] More specifically, the present invention relates to a continuous process for the preparation of propylene 
5 oxide by direct epoxidation of propylene with hydrogen peroxide, or compounds capable of producing hydrogen perox- 
ide under the reaction conditions, in a solvent medium, in the presence of a catalytic system consisting of a zeolite con- 
taining titanium and a buffer system with a pH controlled within values of 5.5 to 8.0, consisting of a nitrogenated base 
and a salt thereof with an organic or inorganic acid. 

[0003] Epoxides, or olefin oxides, are intermediates useful for the preparation of a wide variety of compounds. For 
io example epoxides can be used forthe production of glycols, condensation polymers such as polyesters, or forthe prep- 
aration of intermediates useful in the synthesis of polyurethane foams, elastomers, seals and similar products. 
[0004] The use of zeolitic compounds with an MFI structure containing titanium atoms (TS-1) as catalysts in the 
direct epoxidation reactions of olefin compounds with hydrogen peroxide, is known in literature (EP-100,1 19). 
[0005] However, the acidity which characterizes these catalysts contributes, together with the possible acidity 
15 present in the homogeneous phase, to catalyzing consecutive solvolitic reactions on the epoxide with the opening of 
the ring. This leads to an increase in production costs for both the decrease in yield to epoxide and for the separation 
of the by-products formed. 

[0006] To overcome these disadvantages, processes have been proposed in the art for improving the catalytic per- 
formances of these zeolitic compounds by appropriate activation treatment. 
20 [0007] For example, the patent EP-230,949 describes an epoxidation process which uses, as catalyst, a titanium 
silicalite treated, before or during the epoxidation reaction, with a neutralizing agent selected from organic derivatives 
of silicon of the type X-Si(R) 3 or hydrosoluble substances deriving from cations of group I and II with a different base 
strength. 

[0008] The patent EP-71 2,852 relates to an epoxidation process of olefins in the presence of titanium-si licalite 
25 which uses as neutralizing agent a non base salt selected from lithium chloride, sodium nitrate, potassium sulfate and 
ammonium phosphate. Under these conditions the maximum selectivity obtained is in the order of 93%. 
[0009] The patent U.S. 5,675,026 describes an epoxidation process which uses as catalyst a titanium-silicalite 
treated, before or during the reaction, with a neutral or acid salt, selected from Na 2 S0 4 , (NH 4 ) 2 S0 4 , NH 4 N0 3 or 
NaH 2 P0 4 . 

30 [0010] Operating according to these known processes, propylene oxide is obtained with a good yield and selectiv- 
ity. 

[0011] These processes, however, have disadvantages deriving from the fact that these catalytic systems have a 
short duration of the catalytic cycle and consequently require frequent regeneration. 

[0012] This creates considerable problems from both a technical and economic point of view, above all when the 
35 epoxidation process is carried out in continuous. 

[0013] In fact, a lowering in the production yield of the epoxide and a reduction in the catalytic activity during the 
subsequent regeneration phases, have been observed. 

[0014] It has now been found that it is possible to overcome the disadvantages of the known art described above 
by means of the process of the present invention, which is based on the use of a buffer system with a pH controlled 
40 within the values of 5.5 and 8.0 and which is such that the pH of the reaction system ranges within the above values. 
[0015] The use of this buffer system has substantial advantages, and in particular: 

(i) it allows the catalytic activity to be kept stable over a period of time, reducing the frequency of the regeneration 
cycles of the catalyst to the minimum; and 
45 (ii) it allows the preparation of epoxides with high yields and selectivities. 

[001 6] In accordance with this, the present invention relates to a continuous process for the preparation of epoxides 
by direct oxidation of an olefin with hydrogen peroxide, or compounds capable of producing hydrogen peroxide under 
the reaction conditions, in a solvent medium, in the presence of a catalytic system consisting of a synthetic zeolite con- 
50 taining titanium atoms and a buffer system with a pH controlled within the values of 5.5 and 8.0, consisting of a nitro- 
genated base and a salt thereof with an organic or inorganic acid. 

[0017] The nitrogenated base is selected from compounds having general formula (I) 
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N — Ri (I) 
I 

R 2 

10 

wherein: R, Ri and R 2 , the same or different, can be H, an alkyl group with CVC-io carbon atoms, a -COR 3 group 
wherein R 3 is an alkyl group with C 1 -C 10 carbon atoms or NH 2 , or a 



is 



20 



R4 

/ 

C — (CH 2 )n-OH 
\ 

Rs 



group wherein n is a number from 1 to 10 and R 4 and R 5 are H or C A -C A0 alkyl groups. 

[0018] Preferred compounds having formula (I) are: ammonia, methylamine, ethylamine, diethylamine, trirrjethyl- 
25 amine, ethanolamine, diethanolamine, triethanolamine, n -propylamine. 

[0019] Organic acids which can be used for the purposes of the present invention can be selected from carboxylic 
acids, such as acetic acid, formic acid, propionic or butyric acid and their derivatives, such as for example oxyacids such 
as glycol acid and a-lactic acid. 

[0020] The inorganic acids are selected from sulfuric and phosphoric acid. 
30 [0021 ] Sulfuric acid, acetic acid and formic acid are particularly preferred for the purposes of the present invention. 
[0022] The olefin compounds which can be used in the process of the present invention can be selected from 
organic compounds having at least one double bond and can be linear or branched aliphatic, aromatic, alkylaromatic 
and cyclic. They are preferably olefin hydrocarbons having from 2 to 30 carbon atoms in the molecule and containing 
at least one double bond. 

35 [0023] Examples of olefins suitable for the purposes of the present invention are selected from those having gen- 
eral formula (II) 



\ / 

C==C 
/ \ 
R 2 Ra 

45 

wherein: R 1f R 2 , R 3 and R 4 , the same or different, can be H, an alkyl radical with from 1 to 20 carbon atoms, an aryl 
radical, an alkylaryl radical with from 7 to 20 carbon atoms, a cycloalkyl radical with from 6 to 1 0 carbon atoms, an alkyl- 
cycloalkyl radical with f rorn 7 to 20 carbon atoms. The radicals R 1f R 2 , R3 and R 4 , can form, in pairs, saturated or 
50 unsaturated rings. These radicals may additionally contain halogen atoms, nitro, nitrile, sulfonic groups and relative 
esters, carbonyl, hydroxyl, carboxyl, thiol, amine and ether groups. 

[0024] Examples of olefins which can be epoxidated with the process of the present invention are: ethylene, propyl- . 
ene, allyl chloride, allyl alcohol, butenes, pentenes, hexenes, octeneheptenes-1 , 1-tridecene, mesityl oxide, isoprene, 
cyclo-octene, cyclohexene or bicyclic compounds such as norbornenes, pinenes, etc. The olefins can carry the above 
55 substituents both on the unsaturated carbon atoms and on different positions. 

[0025] The oxidizing agent used in the process of the present invention is hydrogen peroxide (H2O2) or a compound 
which is capable of generating H 2 0 2 under the epoxidation conditions. 

[0026] An aqueous solution of hydrogen peroxide is preferably used, at a minimum concentration of 1% by weight, 
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preferably with a titer greater than or equal to 35% by weight. 

[0027] The quantity of hydrogen peroxide with respect to the olefin is not critical, but a molar ratio olefin/H 2 0 2 rang- 
ing from 10:1 to 1:1 0, preferably from 6:1 to 1 :2, is preferably used. 

[0028] The epoxidation reaction can be carried out in one or more solvents liquid at the epoxidation temperatures. 
5 Solvents of a polar nature are typically used, such as alcohols (methanol, ethanol, isopropyl alcohol, t-butyl alcohol, 

cyclohexanol), hydro-alcohol mixtures, ketones (for example acetone, methyl ethyl ketone, acetophenone), ethers (tet- 

rahydrofuran, butyl ether), aliphatic and aromatic hydrocarbons, halogenated hydrocarbons, esters. 

[0029] Methanol and, among the ketones, acetone, are preferably used. A mixture of methano l/water with a weight 

ratio ranging from 50/50 to 99/1 , is particularly preferred. 
w [0030] The catalyst which can be used in the process of the present invention is selected from those generally 

known by the name of titan ium-silicalites. 

[0031] For example titanium-silicalites with an MFI structure can be used, described in the patent U.S. 4,410,501 
which also specifies their structural characteristics. 

[0032] Titanium-silicalites can also be used, in which part of the titanium is substituted by other metals, such as 
15 boron, aluminum, iron or gallium. These substituted titanium silicalites and the methods for their preparation are 
described in European patent applications 226,257, 226,258 and 266,825. 

[0033] It is also possible to use titanium silicalites with a MEL or intermediate MFI/MEL structure described in Bel- 
gian patent 1,001,038. Other titanium-silicalites can be selected from beta zeolites containing titanium and having a 
BEA structure, described in Spanish patent 2,037,596, ZSM-12 containing titanium and optionally aluminum, described 
20 in "Journal of Chemical Communications, 1992, page 745). 

[0034] The preferred catalyst according to the present invention is titanium-si licalite having the general formula: 

xTi0 2 '(1-x)Si0 2 

25 wherein: x represents a number ranging from 0.0001 to 0.04, the value of x preferably ranging from 0.01 to 0.025, and 
described, for example, in U.S. patents 4,410,501, 4,824,976, 4,666,692, 4,656,016, 4,859,785, 4,937,216. 
[0035] The quantity of catalyst used in the process of the present invention is not critical; it is selected however in 
such a way as to allow the epoxidation reaction to be completed in the shortest time possible. 

[0036] The quantity of catalyst is generally selected in relation to various parameters, such as the reaction temper- 
30 ature, the reactivity and concentration of the olefins, the concentration of hydrogen peroxide, the type and composition 
of the solvent, the catalytic activity and type of reactor or reaction system used. 

[0037] The quantity of catalyst typically ranges from 1 to 15% by weight with respect to the reaction mixture, pref- 
erably from 4 to 1 0% by weight. 

[0038] The catalyst can be used in the form of powder, pellets, microspheres, extruded product or other convenient 
35 physical forms. 

[0039] The temperature used in the process of the present invention generally ranges from 20 to 150°C, preferably 
from 40 to 100°C. The operating pressure is that which allows the olefin to be maintained in liquid phase at the preset 
reaction temperature. The operating pressure is generally higher than atmospheric pressure when gaseous olefins are 
used. 

40 [0040] The epoxidation process of the present invention can be carried out in batch, semi-continuous or, preferably, 
in continuous. 

[0041] Various types of reactor can be used in the process of the present invention, for example a slurry reactor or 
a fixed-bed reactor. 

[0042] The epoxidation process is preferably carried out in continuous, by feeding into a reaction zone containing 
45 the catalyst: hydrogen peroxide, the solvent, preferably methano l/water, propylene and an aqueous buffer solution hav- 
ing the composition and pH defined above, so that the pH is controlled in the reactor within values ranging from 5.5 to 
8.0, preferably within values ranging from 6 and 7.0. 

[0043] Conversion refers to the quantity of hydrogen peroxide which reacts during the epoxidation reaction with 
respect to the quantity charged into the reactor. 
so [0044] Selectivity refers to the number of moles of epoxide produced per moles of reacted hydrogen peroxide. 
[0045] The epoxidation product obtained with the process of the present invention is separated and recovered from 
the reaction mixture using conventional techniques such as fractionated distillation. 

[0046] The following examples have the sole purpose of describing the present invention in greater detail and 
should in no way be considered as limiting its scope. 
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Example 1 (comparative^ 

Oxidation of propylene 

5 [0047] The epoxidation reaction is carried out in a stirred, 1 .5 litre, AISI 31 6L steel reactor, equipped with a thermo- 
stat-regulation system, level control, pressure control and filter for continuously removing the solution, maintaining the 
catalyst in the reactor. 

[0048] 760 g of a solution of methanol/water (93/7) and 40 g of titanium silicalite TS-1 (EniChem, with a titanium 
content equal to 2.05% by weight) are initially charged. After thermostat-regulating the system at 50°C and pressurizing 
w with propylene to 12 bar, the following products are then fed in continuous by means of pumps: 

1 . 1 970 g/hour of a solution of methanol/water 92.8/7.2 by weight 

2. 230 g/hour of an aqueous solution of H 2 0 2 at 35% by weight 

3. propylene 

15 4. 1 00 g/hour of water. 

[0049] The overall reaction mixture in the feeding (without propylene) is equal to 2300 g/hour and its composition is 
the following: 

H 2 0 2 3.5%, H 2 0 1 7%, MeOH 79.5%. 

The pressure in the reactor is maintained at 12 bar, feeding propylene. 

[0050] The reaction trend is followed by taking samples every two hours and determining the residual H 2 0 2 by titra- 
tion with sodium thiosulfate and the reaction products by gaschromatography. The pH of the reaction mixture is deter- 
mined on the liquid effluent leaving the reactor after partially degassing the propylene. 
[0051] The results are .shown in table. 1. 



Table 1 



30 



Time (hrs) 


H 2 0 2 conversion % 


PO selectivity % 


Reaction pH 


6 


94 


65 


4.5 


16 


88 


78 


4.5 


30 


85 


85 


4.5 



Example 2 (comparative) 

[0052] The reaction is carried out under the same conditions as example 1 , but using a reaction temperature equal 
to 60°C. 

The results are indicated in table 2. 



Table 2 



45 



Time (hrs) 


H 2 0 2 conversion % 


PO selectivity % 


Reaction pH 


6 


90 


67 


4.5 


i 16 


82 


75 


4.5 


30 


75 


80 


4.5 



so Example 3 

[0053] The reaction is carried out as described in example 2, but feeding in continuous (100 g/hour) an aqueous 
buffer solution containing 0.048% of NH 3 and 0.12% of (NH 4 ) 2 S0 4 instead of water. The results are shown in table 3. 
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Table 3 



Reaction hours 


H 2 0 2 conversion % 


PO selectivity % 


Reaction pH 


16 


97 


96.8 


6.1 


30 


96 


97.2 


6.0 


60 


94 


97.6 


6.1 


100 


94 


98.1 | 


5.9 



Example 4 

15 [0054] The same procedure is adopted as in example 2, but feeding (100 g/hour) an aqueous buffer solution con- 
taining 0.048% of NH 3 and 0.12% of ammonium acetate (CH 3 COONH 4 ). 
[0055] The results are shown in table 4. 



20 
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Table 4 



Reaction Hours 


H 2 0 2 conversion % 


PO selectivity % 


Reaction pH 


16 


97 


96.2 


6.5 


60 


95.5 


97.8 


6.5 


100 


94.8 


98.1 


6.4 


300 


95.1 


98.5 


6.5 



30 Example 5 

[0056] The same procedure is adopted as in example 2, but feeding (100 g/hour) an aqueous buffer solution con- 
taining 0.048% of NH 3 and 0.10% of ammonium formiate (HCOONH 4 ). 
[0057] The results are shown in table 5. 

35 



Table 5 



40 



45 



Time (hours) 


H 2 0 2 conversion % 


PO selectivity % 


Reaction pH 


16 


98.0 


96.2 


6.4 


60 


96.2 


96.8 


6.3 


100 


95.2 


97.2 


6.3 


400 


95.1 


98.0 


6.3 


600 


95.0 


98.1 


6.3 



50 



[0058] From the data indicated in tables 3, 4 and 5, high conversion and selectivity values are observed together 
with a stability in the catalyst activity. 

Example 6 (comparative) 



55 



[0059] The same procedure is adopted as in example 2, but feeding (100 g/hour) an aqueous solution containing 
0.10% of sodium acetate. The results are shown in table 6. 
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Table 6 



10 



Time (hours) 


H 2 0 2 conversion % 


PO selectivity % 


Reaction pH 


6 


96 


84 


5.8 


16 


94 


91 


6.0 


30 


87 


96 


6.2 


60 


75 


95 


6.0 



[0060] From the values indicated in the table, a deterioration in the catalyst over a period of time, is observed. 
75 Example 7 (comparative) 

[0061] The same procedure is adopted as in example 2, but feeding 1 00 g/hour of an aqueous solution containing 
0.10% of NaN0 3 . The results are shown in table 7. 



20 



Table 7 



25 



Time (hrs) 


H 2 0 2 conversion % 


PO selectivity % 


Reaction pH 


6 


92 


71 


4.5 


16 


87 


82 


4.4 


30 


84 


86 


4.5 



30 



Example 8 (comparative) 

[0062] The same procedure is adopted as in example 2, but feeding 100 g/hour of an aqueous solution containing 
0.04% of NaOH. The results are shown in table 8. . 



Table 8 



Time (hrs) 


H 2 0 2 conversion % 


PO selectivity % 


Reaction pH 


6 


85 


93 


6.6 


16 


65 


98 


7.3 



Example 9 (comparative) 

[0063] The same procedure is adopted as in example 2, but feeding 100 g/hour of an aqueous solution containing 
45 0.2% of NaCI. The results are shown in table 9. 



Table 9 



Time (hrs) 


H 2 0 2 conversion % 


PO selectivity % 


Reaction pH 


6 


90 


78 


4.5 


16 


85 


84 


4.5 



55 Claims 



1 . A continuous process for the preparation of olefin oxides by the direct epoxidation of an olefin with hydrogen per- 
oxide, or compounds capable of producing hydrogen peroxide under the reaction conditions, in a solvent medium, 
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in the presence of a catalytic system consisting of a zeolite containing titanium atoms and a buffer system with a 
pH controlled within values ranging from 5.5 to 8.0, consisting of a nitrogenated base and a salt thereof with an 
organic or inorganic acid. 

5 2. The process according to claim 1 , wherein the nitrogenated base is selected from compounds having general for- 
mula (I) 



10 



R 
I 

N - 
I 

R 2 



(I) 



wherein: R, R-j and R 2 , the same or different, can be H, an alkyl group with C-i-C-io carbon atoms, a -COR 3 group 
wherein R 3 is an alkyl group with C r C 10 carbon atoms or NH 2 , or a 



20 



25 



R< 
I 

-C — (CH 2 ) n -OH 
I 

Rs 



group, wherein n is a number ranging from 1 to 1 0 and R 4 and R 5 are H or C A -C A0 alkyl groups. 

30 3. The process according to claim 2, wherein the nitrogenated base is selected from ammonia, methylamine, ethyl- 
amine, dimethylamine, trimethylamine, ethanolamine, diethanolamine, triethanoiamine, n-propylamine. 

4. The process according to claim 1 , wherein the organic acids can be selected from carboxylic acids, such as acetic 
acid, formic, propionic and butyric acid or their derivatives such as glycolic acid and a-lactic acid. 

35 

5. The process according to claim 1 , wherein the inorganic acids are selected from sulfuric acid and phosphoric acid. 

6. The process according to claim 1 , wherein the olefin compounds can be selected from organic compounds having 
at least one double bond and can be linear or branched aliphatic, aromatic, alkylaromatic and cyclic. 

40 

7. The process according to claim 6, wherein the olefin compounds are selected from olefin hydrocarbons having 
from 2 to 30 carbon atoms in the molecule and containing at least one double bond. 

8. The process according to claim 7, wherein the olefin compounds are selected from those having general formula 
45 (II) 



Ri R3 

\ / 

/ \ 
R 2 R4 

wherein: R 1p R 2 , R3 and R 4 , the same or different, can be H, an alkyl radical with from 1 to 20 carbon atoms, an 
aryl radical, an alkylaryl radical with from 7 to 20 carbon atoms, a cycloalkyl radical with from 6 to 10 carbon atoms, 
an alkylcycloalkyl radical with from 7 to 20 carbon atoms. 
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. * 9. The process according to claim 8, wherein the radicals R v R 2 , R3 and R 4 can form, in pairs, saturated or unsatu- 
rated rings. 

10. The process according to claim 8, wherein the radicals R 1f R 2 , R3 and R 4 can contain substituents selected from 
5 halogens, nitro, nitrile, sulfonic groups and relative esters, carbonyl, hydroxyl, carboxyl, thiol amine and ether 

groups. 

11. The process according to claim 1 , wherein the olefin is propylene. 

10 12. The process according to claim 1 , wherein the hydrogen peroxide is used as an aqueous solution with a minimum 
titer of 1 % by weight. 

1 3. The process according to claim 1 2, wherein the hydrogen peroxide is used as an aqueous solution with a titer equal 
to or higher than 35% by weight 

75 

14. The process according claim 1 , wherein the molar ratio between olefin and hydrogen peroxide ranges from 10/1 to 
1/10. 

15. The process according claim 14, wherein the molar ratio between olefin and hydrogen peroxide ranges from 6/1 to 

20 1/2. 

16. The process according to claim 1, wherein the catalyst is selected from titanium silicaiites having general formula 
(III): 

25 xTi0 2 *(1-x)Si0 2 
wherein: x ranges from 0.0001 to 0.04. 

17. The process according to claim 1 6, wherein the value of x ranges from 0.01 to 0.025 

30 

18. The process according to claim 16, wherein in the titanium siiicalite part of the titanium is substituted by metals 
selected from boron, aluminum, iron or gallium. 

19. The process according to claim 1 , wherein the solvent medium is selected from alcohols, hydro-alcohol mixtures, 
35 ketones, ethers, aliphatic and aromatic hydrocarbons, halogenated hydrocarbons, esters or glycols. 

20. The process according to claim 1 9, wherein the alcohols are selected from methanol, ethanol, isopropyl alcohol, t- 
butyl alcohol, cyclohexanol. 

40 21. The process according to claim 20, wherein the ketones are selected from acetone, methyl ethyl ketone, acetophe- 
none. 

22. The process according to claim 1 9, wherein the ethers are selected from tetrahydrof uran and butyl ether. 

as 23. The process according to claim 1 9, wherein the solvent medium is a mixture of met hano l/water with a weight ratio 
ranging from 50/50 and 99/1 . 

24. The process according to claim 1 , wherein the epoxidation reaction is carried out at a temperature ranging from 20 
to150°C. 

50 

25. The process according to claim 24, wherein the temperature ranges from 40 to 100°C. 
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